Flocculation of Saccharomyces cerevisiae cells at the end of alcoholic fermentation is an important phenomenon in winemaking, especially in the production of bottle-fermented sparkling wine. Most wine yeast strains do not flocculate during the fermentation process and it is unknown whether they contain the necessary genes to flocculate and whether these genes are expressed adequately under wine-making conditions. These genes include the FLOJ flocculin gene which is one of the most important genes to confer the ability of yeast cells to flocculate and the MUCJ gene (subsequently also cloned as FLOJJ) encoding a mucin-like protein which was previously shown not only to play a key role in pseudohyphal development and invasive growth, but also to be involved in flocculation in S. cerevisiae. Together with MUCJ, the involvement of FL08 (encoding a transcriptional activator of FLOJ) and TUPJ in flocculation, pseudohyphal development and invasive growth indicates that these processes might somehow be linked. Therefore, in order to construct wine yeast strains that are able to flocculate, 25 commercial wine yeast strains were investigated for their ability to flocculate, form pseudohyphae and invade solid media. Twenty-one of these strains were able to penetrate into agar media and different degrees of pseudohyphal and invasive growth were observed. The average length of cells and pseudohyphae and the efficiency of invasive growth varied among these strains. Two of the strains are known to flocculate in wine, while three other strains could be induced to aggregate to a limited degree in glycerol-ethanol medium. Southern blot analyses revealed the presence of homologous DNA sequences in all of the 25 strains using DNA fragments of FL08, MSSJO and MSSJJ (encoding transcriptional activators of MUCJ), FLOJ and MUCJ as probes. Using Northern blot analysis, FLOJ transcripts were detected in only one of the strains that showed constitutive flocculation in all the growth media tested. MUCJ transcripts of varying sizes could be detected in most of the strains. From these results it is clear that MUCJ does not primarily confer the phenotype of flocculation and that FLOJ (flocculation) and MUCJ (pseudohyphal differentiation, invasive growth and flocculation) are not co-regulated. We therefore suggest that MUCJ, as opposed to FLOJJ, be. retained as the most appropriate designation of this gene encoding the S. cerevisiae mucin-like protein.
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The yeast Saccharomyces cerevisiae is able to change its growth pattern under conditions of nutrient limitation. These changes include flocculation, pseudohyphal growth, the formation of hyphal-like structures and velum. The importance of flocculation of wine yeast strains to the wine industry, especially for the production of bottle-fermented sparkling wine, is widely recognized. At the end of alcoholic fermentation, some flocculent wine yeast strains aggregate spontaneously to form clumps of cells resulting in rapid sedimentation of these cells from the medium. The wine is then cleared in a short period of time resulting in lower production cost and optimization of wine quality due to reduced handling after fermentation.
True flocculation is defined as an asexual reversible aggregation process due to physical binding between lectins and lectinreceptors present on adjacent cells. Only cells with the ability to produce and secrete these lectins to the cell surface are able to flocculate. Calcium is a specific requirement for true flocculation to occur due to its influence on the specific conformation of the lectins (Straver eta!., 1993) . The extent of flocculation is dependent on growth conditions, nutrient availability, cell concentration and agitation (Smit eta!., 1992; Bowen & Ventham, 1994) .
Several dominant, semi-dominant and recessive genes (encoding structural proteins) are known to be involved in flocculation, namely FLOJ, FL02, flo3, FL04, FL05, flo6, flo7, FL09 , FLOJO (for a recent review see Theunissen & Steensma, 1995) and MUCJ (Lambrechts et al., 1996) , which was subsequently also cloned as FLOJJ (Lo & Dranginis, 1996) . Of these flocculation genes, the FLOJ gene is the most important flocculation gene, capable of inducing flocculation when transformed into non-flocculant cells (Russel eta!., 1980; Teunissen et al., 1995a; Vezinhet eta!., 1991) . Various degrees of homology exist among the coding regions of the various flocculation genes, whereas the promoter sequences are completely different from one another (Teunissen & Steensma, 1995) . The gene product of MUCI, 53 which has been shown to be involved in pseudohyphal development and invasive growth, is similar in overall structure to the flocculins, namely Flo1p, Flo5p, Flo9p and Flo10p (Lambrechts et al., 1996; Lo & Dranginis, 1996) . All these proteins comprise an amino-terminal domain containing a hydrophobic signal sequence and a carboxyl terminal domain with homology to the glycosyl-phosphatidyl-inositol-anchor-containing proteins separated by a central domain of highly repeated sequences rich in serine and threonine residues.
Regulatory genes involved in flocculation include FL08 and the TUP 1 /SSN6 regulatory cascade (Teunissen eta!., l995b; Lui et al., 1996) . Suppressor genes, such asfsul andfsu2, may be responsible for the inability of cells possessing flocculation genes to flocculate (Sieiro et al., 1993) . Flo8p has been shown to be a putative transcriptional activator of FLOl (Liu et al., 1996) . Although this gene seems to be a prerequisite for flocculation in strains of the FLOJ genotype, not all strains containing the FL08 gene are able to flocculate (Kobayashi et al., 1996) . It was suggested that Flo8p inactivates the TUP 1 and CYC8/SSN6 cascade which represses flocculation in certain strains (Kobayashi et al., 1996) . Recently, both TUP 1 (Braun & Johnson, 1997) and FL08 (Lui et al., 1996) have also been implicated in pseudohyphal formation and invasive growth.
The ability of yeast to interconvert between yeast-like and pseudohyphal growth modes, during which the daughter cells remain attached to the mother cell after budding, is triggered by several signals (for a recent review see Vivier et al., 1997) . This phenomenon has also been observed in brewing yeast strains, which are divided into four classes regarding their flocculation ability, of which class IV yeast strains are chain formers (Stratford, 1992b) . Although regarded as unsuitable for brewing, these strains were found to be fairly common in a survey of ale strains. Stewart & Russel (1981) suggested that the latter phenomenon is due to the inability of daughter cells to separate from the mother cells, a mechanism also present during pseudohyphal development. One yeast strain may have the ability to either flocculate or form pseudo hyphae or express both of these two phenotypes (Wilcocks & Smart, 1995) . The extent of flocculation, pseudohyphal development and invasive growth is dependent on growth conditions, medium composition (nitrogen content and carbon source) and the ploidy of the cells Smit et al., 1992; Bowen & Ventham, 1994; Blacketer et al., 1995; Lambrechts et al., 1996) . During pseudohyphal development, cells become longer and thinner, facilitating the movement of vegetative cells into new substrates in search of nutrients. Pseudohyphae may also lead to invasive growth under nutrient-limiting conditions (Gimeno et al., 1993) . Although similar genes are involved in pseudohyphal development and invasive growth, these two phenomena appear to occur via separate pathways (Mosch and Fink, 1997) . MUCJ codes for a mucin-related, membrane-located protein (Lambrechts et al., 1996) . Apart from flocculation, Muclp also plays an important role during pseudohyphal development and invasive growth (Lambrechts et a!., 1996) . When present in multiple copies, the putative transcriptional activators of MUCI, MssiOp (also known as Msn1p, Fuplp and Phd2p) and Mss11p, induce pseudohyphal development, invasive growth and cell aggregation (Lambrechts et al., 1996; Vivier eta!., 1997; Webber et al., 1997; Gagiano et al., 1998) .
Filamentous invasive growth inS. cerevisiae is one of numerous responses to cues from the extracellular environment. These cues are then transduced from the cell surface to the interior of the cell, resulting in patterns of altered gene expression and protein activity, which result in a cellular response to the external environment (for a recent review see Banuette, 1998) . In yeast cells, the MAPK cascade module is a key element in mediating the transduction of many signals generated at the cell surface to the nucleus. Pseudohyphal differentiation and invasive growth of S. cerevisiae requires multiple elements of the mitogen-activated protein kinase (MAPK) signaling cascade that are also components of the mating pheromone response pathway. Several of the STE genes (STE7, STEll, STE12, STE20) have been implicated as role-players with STE12 and TECI, both DNA-binding proteins, modulating these morphological changes (Madhani & Fink, 1997) . At least one other pathway has also been implicated in this morphogenetic developmental switch (Lorenz & Heitman, 1997) . Information on this signaling pathway is still fragmentary, although genes such as MSSJO, MSSll and FL08 could possibly be part of it.
Only a few of the wine yeast strains that are available commercially are able to flocculate. In order to understand the flocculation phenotype and to eventually develop flocculating wine yeast strains, we screened for the presence of some of the structural and transcriptional activating genes playing an important role in flocculation, pseudohyphal development and invasive growth. In this study the presence and expression of FLOJ, FL05, FL09, FL08, MUCl!FLOll,MSSJO andMSSll genes in 25 commercial wine yeast strains were investigated.
MATERIALS AND METHODS
Yeast strains and media: Twenty-five commercial active dried wine yeast strains most commonly used in the South African wine industry and four randomly selected laboratory strains were studied (Table 1) . Four haploid laboratory strains (containing the following genes: MUCJ, MSSJO, MSSll and FL08) were included as controls for testing for the presence of the relevant genes. According to information from the two yeast manufactures, Anchor Yeast and Lallemand, all commercial strains used in this study are diploid. Pure single cell isolates were obtained from the commercial dried Yeast and their identity verified by electrophoretic karyotyping. These pure cultures were used as inocula. The yeast growth media were: YPD (1% yeast extract, 2% peptone, 2% glucose), SLAD [2% glucose, 1,7% yeast nitrogen base (YNB) without amino acids and ammonium sulfate, 0,05 mM ammonium sulfate], YPGE (1% yeast extract, 2% peptone, 3% glycerol, 2% ethanol), SCGE (6,7% YNB without amino acids, 3% glycerol, 2% ethanol, 0,072% complete amino acid pool and SC (6,7% YNB without amino acids, 2% glucose, 0,072% complete amino acid pool). Chenin blanc grape juice supplemented with the necessary nutrients was used for fermentations. Solid media contained 2% agar. Yeast strains were routinely grown at 30°C. 
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Pseudohyphal growth: Cells were grown aerobically in liquid YPD medium for 24 h. A diluted aliquote of the cells [absorbance at 600 nm (A 600 ) of 0,2] in sterile distilled water was spotted onto SLAD agar plates. These cultures were incubated for 3 days at 30°C. Small blocks of agar (0,5 em x 0,5 em) were cut, removed from a petri dish and placed on a subject glass, overlayed with a coverslip and photographed. A Nikon FDX-35 camera mounted on a Nikon Optiphot-2 Type 104 microscope at 40 X magnification was used. The average length of the cells was determined with an ocular micrometer after calibration with a stage micrometer. The ocular micrometer was mounted onto a Nikon SE Binocular microscope, calibrated and used at 40 X magnification.
Invasive growth: Cells were grown aerobically in YPD liquid medium for 24 h. A 20 Jll undiluted suspension of this culture was spotted onto SLAD agar plates. These cultures were incubated for 7 days at 30°C. The plates were rinsed with slow running water and gently stroked with the finger to remove all cells that did not grow into the agar (Lambrechts et al., 1996) . The density of the spot remaining on the plates correlates with the ability of the strains to grow invasively. The invasive growth potential was photographed as described in the previous section. Strain ISP15 was routinely used as a reference strain.
Flocculation assay: Cells were cultured aerobically for 12 to 24 h in YPD medium containing 1% (wlv) calcium chloride. These cells were inoculated into sterilized grape juice, SLAD, SCGE, SC, YPD and YPGE medium containing either 0% or 1% calcium chloride. These cultures were grown shaking (160 rpm) for up to 5 days. If a precipitate was formed in the test tube used for growth, 250 mM EDTA was added. Cells in which the aggregation was reversed under these conditions were considered flocculent (Table I) according to the definition of Johnston & Reader (1983) .
Southern blot analysis: Chromosomal DNA samples were prepared according to the embedded-agarose procedure of Carle & Olson (1985) . Intact chromosomal DNA was separated using contour clamped homogeneous electric field (CHEF) electrophoresis. A CHEF-DR II (Bio-Rad Laboratories, Richmond, USA) apparatus was used. The gel was prepared in 0,5 X TBE (5,4% Tris base, 2,75% boric acid, 10 mM EDTA, pH 8,0) buffer and electrophoresed in the same buffer at a set temperature of 4 oc for 30,5 h at a constant voltage of 200 V. The pulse rate was set at 60 s for the first 17 h and 90 s for the last 13 h. Gels were stained with ethidium bromide, destained with 0,5 X TBE buffer, viewed and photographed on a transilluminator with a camera mounted to it. Gels were depurinated twice with 0,25 M HCl for 15 min at room temperature, denatured twice with a 0,5 M NaOH I 1,5 M NaCl solution for 30 min and neutralized twice with a 1M Tris-HCl I 1,5 M NaCl I 10 mM EDTA solution for 30 min.
The DNA was then transferred to nylon (Hybond N, Amersham) membranes using 20 X SSC (17 ,53% sodium chloride, 8,82% sodium citrate, pH 7 ,0). The hybridization and prehybridization techniques were performed according to Sambrook et al. (1989) . Prehybridization was performed at 68°C for 4 to 6 h and hybridization was performed overnight at 68°C. The membranes were hybridized with the appropriate gene probes.
Northern blot analysis: Cells were precultured in YPD medium for 24 h and subsequently inoculated into a liquid culture of YPGE and grown until an OD 600 of 1,5 was reached. RNA was isolated by using the Fast Prep kit (BI0101, CA). The RNA was separated in an agarose gel containing formaldehyde. Gels were washed three times with diethylpyrocarbonate (DEPC)-treated distilled water for 30 min, subjected for 25 min to 0,05 M NaOH and treated with 20 X SSC for 45 min. The RNA was transferred to nylon (Hybond N) membranes using 20 X SSC. Prehybridization and hybridization techniques were used as described by Sambrook et al. (1989) . Prehybridization was performed at 42°C for 2 to 5 h in the presence of formamide. Hybridization with the appropriate DNA probes was carried out overnight at 42°C.
Probes: The restriction fragments used as probes for both the Southern and Northern blot analyses were FLOJ (2,7-kb EcoRI -EcoRV fragment), FL08 (2,6-kb Hindiii fragment), MUCJ (1,9-kb BamHI -Hindiii fragment), MSSJO (1,9-kb EcoRIBamHI fragment) and MSSll (0,77kb Psti fragment). DNA probes were labeled with [a32P]dATP, using the Random Primed DNA Labeling kit from Boehringer Mannheim (Randburg, South Africa).
RESULTS
Pseudohyphal growth: The difference in the ability of commercial wine yeast strains to form pseudohyphae is shown in Fig. 1 . The cells differ among each other according to the length of the cells and the length of the pseudohyphae formed. There seems to be a positive correlation between the length of the pseudohyphae and the length of the cells comprising these pseudohyphae (Table 1 ) .
Cell elongation during pseudohyphal growth seems to be a characteristic inherent to certain strains and is independent of the growth medium. This is based on comparable cell lengths of a specific strain when grown on different media like grape juice agar without any nitrogen supplementation (data not shown) and SLAD media. When the strains were incubated for periods longer than 7 days on SLAD media, the pseudohyphae became covered with ellipsoidal cells, making it impossible to observe further elongation of the pseudohyphal cells.
Invasive growth: The intensity of agar penetration (invasive growth) is shown in Fig. 2 . The strains can be divided into three different groups, depending on the degree of agar penetration. Strains may be incapable of agar penetration, slightly invasive or may strongly invade the agar. Not all strains showing pseudohyphal growth have the ability to penetrate the agar. Although cells of strain VIN7 (no. 19) are strongly elongated when grown under these conditions, these elongated cells did not penetrate the agar, even after 20 days of growth. Incubation for periods of 20 days did not enhance invasive growth of the cells used in this study when compared to those incubated for only 7 days. Seven days were sufficient for the evaluation of the invasive phenotype.
Differences between the morphologies of the cells growing at the top of the colony and those at the surface of the nitrogen-deficient medium (SLAD) were investigated (data not shown). Three strains of which the cells did not elongate and five strains that FIGURE 1 Pseudohyphal growth of 25 commercial wine yeast strains (Table 1 ) . Cells were precultured in YPD medium for 48 h before spotted onto SLAD agar plates and incubated for 7 days at 30°C. Cells that penetrated the agar medium were photographed on the agar medium under the 40x objective. Cell lengths were measured using different cultures, but under similar culture conditions. (Table 1) after 7 days of growth on a nitrogen-depleted medium (SLAD). Cells were precultured in YPD media for 48 hours before being spotted onto the SLAD agar plates. Invasive growth was assayed after 7 days by washing the cells off the surface of the agar. The remaining cells had penetrated the agar, since they could only be removed by piercing the agar with a micro-dissection needle.
formed elongated cells under these conditions were investigated. It seems that only the cells growing closest to the surface of the medium show strong cell elongation and chain formation. The cells growing at the upper surface of the colony are ellipsoidal without pseudohyphae.
Flocculation assay: To examine the ability of the wine yeasts to flocculate, cultures of each were grown in grape juice, SLAD, SCGE, SC, YPD or YPGE media containing either 0% or 1% calcium chloride. Cell aggregation was found in five of the 25 strains tested whereas only three strains flocculated when grown in YPGE medium after preculturing in a calcium-containing medium ( Table 1) . EDTA (250 mM) was added to the medium to determine whether the observed cell aggregation was due to true flocculation. Three of these strains, riamely Uvaferm ALB (no. 14), Lalvin 016 (no. 10) and VIN13 (no. 20) showed reversible aggregation, that is true flocculation, while the other two strains, namely WE228 (no. 24) and WE14 (no. 28), did not undergo reversible aggregation in any of the media tested.
Southern blot analyses:
Flocculation Genes: Most of the commercial wine yeast strains used in this study did not flocculate in any of the conditions tested (Table 1) . Therefore, these strains were investigated for the presence of the structural FLO genes (Fig. 3) . FLOI was chosen as the probe, as it is the gene predominantly responsible for flocculation. The other dominant flocculation genes, namely FL05 and FL09, show homology with the FLOI sequence (Teunissen et al., 1995b; Teunissen & Steensma, 1995) and should also hybridize to FLOI under conditions of high stringency. Both the FLOI (Fig. 3) and FL08 (Fig. 4) genes are present in all of the strains tested. The FLOI sequence was homologous to more than one locus in the genomes of all these strains. All these different loci correlated to chromosomes known to carry FLO loci (Teunissen & Steensma, 1995) , except in one case. This locus was present in 13 out of the 29 strains tested (the uppermost band, Fig. 3 ). It is noticeably absent from the four laboratory strains (strains no. 26 -29) . Using the DALBO gene as a chromosomal marker for chromosome XI, it was established that this additional locus is not located on chromosome XI (since FLOIO is located on chr. XI) as was first thought (data not shown). It is therefore tempting to speculate that this might be a new locus of a gene homologous to FLOI. Comparing the positions of this additional locus to that of MSSll located on chromosome XIII, we believe this new locus is also located on chromosome XIII. The other loci visible on the blots in Fig. 3 correspond to chromosomes I, IX and VIII.
Genes involved in pseudohyphal and invasive growth:
The sequences of MUCI, the gene involved in pseudohyphal and invasive growth and flocculation, and MSSIO and MSSll (encoding two putative transcriptional activators of MUCI), are present in all of the strains tested (Fig. 5) . In strains WE14 (no. 23) and ISP20 (no. 29) the MSSll gene hybridized to two loci. This was not investigated further.
Northern blot analysis: Transcription of the structural FLO genes and MUC I was investigated during growth in YPGE medium, since growth in this medium resulted in flocculation in 5 of the 25 strains tested. The MUCI gene was transcribed in 18 of the 25 strains when grown for 3 days in YPGE liquid medium (Fig.  6) . A variation in the size of the mRNA was found. No FLOI or homologous (FL05, FL09) mRNA transcripts were found in any of the strains, except in strain LL14 (data not shown). Table 1) . The DNA of the wine yeast strains were transferred to nylon membranes and probed with a 2,7 kb EcoRI-EcoRV fragment containing a partial sequence of the FLOI (Chr. 1) gene, which is homologous to the other dominant flocculation genes, FL05 (Chr. VIII), FL09 (Chr. I) and FLOIO (Chr. XI). Table 1 ). The DNA of these strains was transferred to nylon membranes and probed with a 1,6 kb Hindiii fragment of the FL08 gene. Table 1 ). The DNA of these strains was transferred to nylon membranes and probed with MUCJ (BamHI-Hindiii, 2,6 kb), MSSJO (EcoRV-BamHI, 1,9 kb) and MSSll(Pstl, 0,769 kb). (Table 1) . Total RNA of these strains was isolated after growth in YPGE medium for 3 days. The RNA (10 p.g) were separated on a formaldehyde gel and transferred onto a nylon membrane. These were probed with a 2,6 kb BamHI-Hindiii fragment of MUCJ.
DISCUSSION
Flocculation, pseudohyphal development and invasive growth are genetically determined cellular responses to nutrient-limitation. The signal transduction pathways involved in these phenomena are still unclear, although several genes have been shown to be involved in these phenomena. Since it has been shown that the MUCJ, FL08 and TUP 1 genes are mutual for these processes, flocculation, pseudohyphal development and invasive growth might possibly be co-regulated.
Pseudohyphal and invasive growth: Pseudohyphal and invasive growth are frequently observed under identical conditions of nutrient limitation. The SLAD medium used in this study seems to be optimal to induce these characteristics . Even under these optimal conditions both these phenotypes are not expressed simultaneously in all wine yeast strains. In strains that do not show these characteristics simultaneously, at least, either pseudohyphal growth or invasive growth was observed. In all the strains tested pseudohyphae were formed under the abovementioned conditions except for VIN7 (no. 19), which formed only elongated cells. The degree of pseudohyphal formation, with regard to the length of the cells and the length of the pseudohyphae themselves, differed among the strains (Table  1) and was not dependent on the ploidy of the cells. This contradicts findings by Roberts & Fink (1994) that diploids generally form longer cells than haploids during pseudohyphal growth.
According to our results, the poidy of the cells does not influence the degree of invasive growth, the length of the pseudohyphal cells or the length of the pseudohyphae (strains no. 5, 24, 16; Figs. 1 and 2). In three of these strains no invasive growth occurred, although the degree of cell elongation in these strains was high. There seems to be no direct correlation between the extent of pseudohyphal formation, the length of the pseudohypahe and the extent of invasive growth. Our results confirm those of Roberts & Fink (1994) that pseudohyphal formation and invasive growth are two different processes.
Pseudohyphal development and invasive growth were shown to be dependent on MUCJ and its activators, MSSJO and MSSll (Lambrechts eta!., 1996; Gagiano eta!., 1998) . FL08 were previously shown to be involved in pseudohyphal development and invasive growth. MUCJ and FL08 were also shown to be involved in flocculation (Liu et al., 1996; Lo & Dranginis, 1996) . Southern blot analyses revealed homologous sequences to these genes in all the strains tested.
Flocculation: Cells of strains aggregating in a liquid culture are not necessarily of the flocculant phenotype, since those showing pseudohyphal formation may also form clumps during growth in a liquid culture (Roberts & Fink, 1994) . Agglomeration, or cluster formation, resembles true flocculation only with regard to the macroscopic structure and sedimentation ability of the yeasts, although the settling profiles differ completely (Amory et al., 1998) . This was also found in the present study (data not shown). These two processes are distinguished by means of the addition of a chelating agent which removes calcium ions, imperative for flocculation but not involved in cell attachment during pseudohyphal growth, from the medium. The same strain may have the ability to choose between both these responses (Lo & Dranginis, 1996) . Our results confirm these findings in strains Uvaferm ALB (no. 14 ), Lalvin 016 (no.10) and VIN13 (no. 20). These strains have the ability to either flocculate or form pseudohyphae under specific growth conditions. Flocculation is influenced by the genetic background of the host as well as environmental factors, e.g. pH, the sugar content, agitation, aeration and Ca2+. The absence of flocculation could be due to the absence of a flocculation gene(s ), by inhibition of transcription and translation, or by post translational modification (Teunissen eta!., 1995a) . In a natural fermentation, environmental factors are not always controllable, e.g. the decrease in pH during fermentation due to sugar metabolism may decrease the flocculation ability of the strains used. Such naturally occurring phenomena are major determinants for the appearance of flocculation. Therefore, although the genetic composition of yeast strains may indicate a flocculent phenotype, not all such strains flocculate.
Structural genes of the FLOJ phenotype are ubiquitous in S. cerevisiae strains, but are only expressed under certain environmental conditions (Stratford, 1992a) and are not transcribed in non-flocculent strains (Teunissen et al., 1995a) . Except for three strains [Uvaferm ALB (no. 14), Lalvin 016 (no. 10) and VIN13 (no. 20)], none of the strains examined in this study is able to flocculate under the conditions tested. It was possible to induce five of the strains [Uvaferm ALB (no. 14), VIN13 (no. 20), Lalvin 016 (no. 10), WE14 (no. 23), WE228 (no. 24)] to aggregate to a limited degree after five days of growth in YPGE. Flocculation of strains Uvaferm ALB (no. 14), VIN13 (no. 20) and Lalvin 016 (no. 10) was reversed by the addition of 0,25 M EDTA, but not in the other strains. These three strains therefore show true flocculation. Aggregation of the other two strains [WE14 (no. 23) and WE228 (no. 24)] might be due to clumpy growth found with some pseudohyphal strains (Stewart & Russell, 1981 ) .
Strain VIN13 (no. 20) could be induced to flocculate in YPGE medium to a limited degree only after being precultured in YPD containing 0.1% calcium chloride. The inability of this strain to flocculate in different growth media and wine might be ascribed to environmental conditions which may influence the expression of the specific genes, rather than the presence of possible suppressor genes. In the other strains where flocculence was not inducible in any medium, the phynotype might be ascribed to the presence of suppressor genes, such as TUP I and CYC8, that have previously been shown to repress transcription of the flocculation genes.
All the strains tested possess at least one flocculation gene. No correlation exists between the number of loci homologous to the FLOJ gene present in the genome of a strain and the expression of the flocculent characteristic. Although the FLOI gene is present in all of the strains tested, only two strains, namely Uvaferm ALB (no. 14) and Lalvin 016 (no. 10), flocculated spontaneously in a variety of media. It is unknown whether the genes identified by Southern blot hybridization are intact or not. A possible chromosomal polymorphism exists on chromosome I (strains 15 to 18, Fig. 3 ), because ofthe double band present in these strains.
Northern blot analyses revealed FLOI mRNA in only strain Uvaferm ALB (no. 14), a constitutive flocculating strain. A possible explanation could be that one of the less homologous genes, FLOIO or pseudogenes could be responsible for flocculation. We would therefore be unable to detect such genes with our probe or the conditions used in this study for probing.
In this study a liquid culture was used to investigate the expression of MUCI. Although this gene was said to be critical for flocculation (Lo & Dranginis, 1996) , strains in which this gene was expressed did not flocculate under conditions used in this study. This might be due to the absence of transcription of a FLO gene in these strains (data not shown). Expression of MUCJ alone can therefore not induce flocculation. We therefore suggest that MUCI, as opposed to FLO 11, be retained as the most appropriate designation of this gene encoding the S. cerevisiae mucinlike protein.
It has been shown by Lambrechts et al. (1996) that the MUCI gene contains numerous repeats encoding sequences rich in serine and threonine residues. Possible differences in the number of repeat sequences might explain the variation in the size of the mRNA transcripts seen in the Northern blots.
Another gene found to be involved in flocculation, pseudohyphal development and invasive growth is FL08 (Liu et al., 1996) , the transcriptional activator of the FLOJ gene (Kobayashi eta!., 1996) . Our results do not clarify the possible link between flocculation, pseudohyphal development and invasive growth, although the genes MUCI, FL08 and TUP I are involved in these processes. Investigation of the effect of FL08, MSSJO and MSSll on genes involved in flocculation, pseudohyphal differentiation and invasive growth is therefore essential. It is also not yet clear what the influence of the expression of these genes might be on the performance of the yeasts during fermentation and on wine quality.
In conclusion, in order to construct wine yeast strains that are able to flocculate at the appropriate time during wine fermentations, the structural genes involved in flocculation will have to be deregulated, for example, exchanging the promoters of the structural genes (MUCJ, FLOI, etc.) with a promoter that is switched on during the late stationary phase of growth. 
